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(57) A first initialization pattern signal is a signal in 
which a maximum signal level and a minimum signal lev- 
el appear alternately, and a second initialization pattern 
signal is a signal in which all signal levels appear in a 
predetermined arrangement. In a ring-shaped network 
including plural stages of data transmission apparatus- 
es (100), a transmission unit (110) of each data trans- 
mission apparatus outputs the first initialization pattern 
signal successively to a next-stage data transmission 
apparatus at turn-on of power or immediately after reset, 



and a reception unit (120) establishes clock synchroni- 
zation on the basis of the first initialization pattern signal 
received. When synchronization is established in all of 
the data transmission apparatuses, the transmission 
unit (110) outputs the second initialization pattern signal 
successively to the next-stage data transmission appa- 
ratus, and the reception unit (120) sets evaluation levels 
for the respective signal levels on the basis of the re- 
ceived second initialization pattern signal, and transmis- 
sion/reception of data is started when evaluation levels 
are set in all of the data transmission apparatuses. 
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Description 

TECHNICAL FIELD 



[uuu-ij The present invention relates to an initializa- 
tion method and a data transmission apparatus in a ring- 
shaped network and, more particularly, to those for gen- 
erating an initialization pattern signal for establishing 
synchronization and an initialization pattern signal for 
setting evaluation levels, and performing establishment 
of synchronization and setting of evaluation levels on 
the basis of these initialization pattern signals. 

BACKGROUND ART 

[0002] As a conventional data transmission method 
there is a method for transmitting data while converting 
data symbols into signal levels of an electric signal or 
an optical signal. During such data transmission, when 
the signal being transmitted continuously takes a con- 
stant signal level or when it repeatedly takes a specific 
pattern of signal levels, a data reception apparatus can- 
not detect the magnitudes of original signal levels, and 
therefore, it cannot perform accurate data reception As 
a method foravoiding thisproblem, there is ascrambling 
method in which data symbols to be transmitted are 
evenly assigned to all signal levels by adding random 
numbers to digital data to be transmitted. 
[0003] Figure 8 is a diagram illustrating the construc- 
tion of a data receiver for CATV (CABLE TELEVISION) 
As shown in figure 8, the data receiver for CATV is pro- 
vided with a tuner 801, a down converter 802 an A/D 
converter 803, a detector 804, a digital filter 805 an 
evaluation unit 806, a descrambler 807, a clock repro- 
duction unit 808, and a gain detector 809. 
[0004] Since CATV data are scrambled, all signal lev- 
els are almost evenly included in received data symbols 
Usually, quadrature amplitude modulation such as 16 
QAM or 64 QAM is employed as a CATV transmission 
method, and a coaxial cable is employed as a transmis- 40 
sion path. 

[0005] Next, the operation of the CATV data receiver 
so construction will be described. 
[0006] A QAM signal received through a coaxial cable 
is frequency-converted through the tuner 801 and the 
down converter 802, and one channel of QAM signal is 
input to the A/D converter803. This one channel of QAM 
signal is converted into a digital signal by the A/D con- 
verter 803, and an l-axis signal and a Q-axis signal are 
separated and demodulated by the detector 804 After 
removal of noises through the digital filter 805, data sym- 
bols are decoded by the evaluation unit 806 and de- 
scrambled by the descrambler 807, thereby obtaining 
data. Further, the clock reproduction unit 808 establish- 
es synchronization by detecting clock shift in a transmis- 
sion unit from the l-axis signal and the Q-axis signal. 
[0007] Since the data are scrambled, all signal levels 
are almost evenly included in the received signal The 



gam detector 809 detects the received signal level and 
performs gain control so that the signal level is correctly 
decoded by the evaluation unit 806. That is, the gain 

,v " 5uo u,c 'ewjiveo signal level back to the 

5 down converter 802 so as to correlate the signal level 
to a stored threshold value, thereby performing gain 
control. Further, the down converter 802 performs qain 
control for the tuner 801 as desired. 
[0008] However, when performing scrambling or de- 
scrambling, a data frame for adjusting data timing is 
needed, and therefore, scrambling cannot be performed 
on data in a format having no data frame. Moreover 
even when scrambling can be carried out, if a data pat- 
tern to be transmitted matches a random number se- 
quence used for scrambling, the same signal level con- 
tinues undesirably. 

[0009] Furthermore, since, in the conventional data 
transmission method, it is necessary to receive all signal 
levels to perform gain control, the data should be scram- 
bled to be averaged. However, when a pattern of signal 
in wh.ch only a specific signal level appears continues 
gain control becomes impossible, and accurate evalua- 
tion of signal levels cannot be earned out 
[0010] Moreover, also in a network in which plural 
stages of data transmission/reception apparatuses 
each having a transmission unit for transmitting data 
and a reception unit for receiving data are connected in 
a ring shape, the reception unit of each data transmis- 
sion/reception apparatus has the same problem as in 
w the above-described data receiver. 

[0011] The present invention is made to solve the 
above-described problems and has for its object to pro- 
vide an initialization method and a data transmission ap- 
paratus, which realize accurate data transmission inde- 
x's pendent of signal levels and patterns, without scram- 
bling data to be transmitted, in multi-valued transmis- 
sion. 



DISCLOSURE OF THE INVENTION 



[0012] In order to solve the above-described prob- 
lems, according to the present invention (Claim 1 ), there 
is provided an initialization method to be used in a net- 
work in which plural stages of data transmission appa- 
ratuses each performing data transmission while as- 
signing one or more bits of data as one data symbol to 
a signal level, are connected in a ring shape, wherein 
one of the data transmission apparatuses is a master 
data transmission apparatus, while the other data trans- 
mission apparatuses are slave data transmission appa- 
ratuses; at tum-on of power or immediately after reset 
the master data transmission apparatus outputs a first 
initialization pattern signal to a slave data transmission 
apparatus in the next stage; the next-stage slave data 
transmission apparatus establishes clock synchroniza- 
tion on receipt of the first initialization pattern signal- 
when clock synchronization is established, the next- 
stage slave data transmission apparatus outputs the 
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first initialization pattern signal to a slave data transmis- 
sion apparatus in the next stage; when synchronization 
is established in all of the slave data transmission ap- 
paratuses and the master data transmission apparatus 
which are connected in the network, the master data 
transmission apparatus outputs a second initialization 
pattern signal to the next-stage slave data transmission 
apparatus; the next-stage slave data transmission ap- 
paratus receives the second initialization pattern signal, 
sets an evaluation level for each signal level, and out- 
puts the second initialization pattern to a data transmis- 
sion apparatus in the next stage; and transmission/re- 
ception of data is started after evaluation levels of data 
are set in all of the slave data transmission apparatuses 
and the master data transmission apparatus which are 
connected in the network. 

[0013] Further, according to the present invention 
(Claim 2), in the initialization method as defined in Claim 

1 , the first initialization pattern signal is a signal in which 
a maximum signal level and a minimum signal level ap- 
pear alternately; and the second initialization pattern 
signal is a signal in which ail signal levels appear in a 
predetermined arrangement. 

[0014] Further, according to the present invention 
(Claim 3), in the initialization method as defined in Claim 

2, the first initialization pattern signal is a signal in which 
a signal for discriminating between the first initialization 
pattern signal and the second initialization pattern signal 
appears at the end. 

[0015] Further, according to the present invention 
(Claim 4), in the initialization method as defined in Claim 
2, the second initialization pattern signal is a signal in 
which a signal for discriminating between the first initial- 
ization pattern signal and the second initialization pat- 
tern signal appears at the beginning. 
[0016] Further, according to the present invention 
(Claim 5), there is provided a data transmission appa- 
ratus which is connected in a ring-shaped network, and 
performs data transmission while assigning one ormore 
bits of data as one data symbol to a signal level, and the 
apparatus comprises: a first initialization pattern output 
unit for outputting a first initialization pattern signal for 
establishing clock synchronization to a data transmis- 
sion apparatus connected in the next stage; a second 
initialization pattern output unit for outputting a second 
initialization pattern signal for setting an evaluation level 
by which the signal level is subjected to threshold eval- 
uation, to the data transmission apparatus connected in 
the next stage; and a synchronization establishment unit 
for receiving the first initialization pattern signal trans- 
mitted from a data transmission apparatus connected in 
the previous stage, and performing clock reproduction 
to establish synchronization; wherein transmission/re- 
ception of data is started after synchronization is estab- 
lished on receipt of the first initialization pattern signal, 
and evaluation levels of data are set on receipt of the 
second initialization pattern signal. 
[0017] Further, according to the present invention 



(Claim 6), the data transmission apparatus as defined 
in Claim 5 is a master data transmission apparatus in 
which the first initialization pattern output unit outputs 
the first initialization pattern signal at turn-on of power 
5 or immediately after reset, and the second initialization 
pattern output unit outputs the second initialization pat- 
tern signal when synchronization is established in all of 
the data transmission apparatuses. 
[0018] Further, according to the present invention 
io (Claim 7), the data transmission apparatus as defined 
in Claim 5 is a slave data transmission apparatus in 
which the first initialization pattern output unit outputs 
the first initialization pattern signal when synchroniza- 
tion is established, and the second initialization pattern 
output unit outputs the second initialization pattern sig- 
nal when the beginning of the second initialization pat- 
tern signal is received. 

[0019] As described above, according to the present 
invention (Claim 1), there is provided an initialization 
method to be used in a network in which plural stages 
of data transmission apparatuses each performing data 
transmission while assigning one or more bits of data 
as one data symbol to a signal level, are connected in 
a ring shape, wherein one of the data transmission ap- 
paratuses is a master data transmission apparatus, 
while the other data transmission apparatuses are slave 
data transmission apparatuses; at tum-on of power or 
immediately after reset, the master data transmission 
apparatus outputs a first initialization pattern signal to a 
slave data transmission apparatus in the next stage; the 
next-stage slave data transmission apparatus establish- 
es clock synchronization on receipt of the first initializa- 
tion pattern signal; when clock synchronization is estab- 
lished, the next-stage slave data transmission appara- 
tus outputs the first initialization pattern signal to a slave 
data transmission apparatus in the next stage; when 
synchronization is established in all of the slave data 
transmission apparatuses and the master data trans- 
mission apparatus which are connected in the network, 
the master data transmission apparatus outputs a sec- 
ond initialization pattern signal to the next-stage slave 
data transmission apparatus; the next-stage slave data 
transmission apparatus receives the second initializa- 
tion pattern signal, sets an evaluation level for each sig- 
nal level, and outputs the second initialization pattern to 
a data transmission apparatus in the next stage; and 
transmission/reception of data is started after evaluation 
levels of data are set in all of the slave data transmission 
apparatuses and the master data transmission appara- 
tus which are connected in the network. Therefore, syn- 
chronization of the respective data transmission appa- 
ratuses can be established, and evaluation levels of da- 
ta symbols can be set. Further, since evaluation levels 
are set on the basis of the voltage values of the respec- 
tive signal levels included in the second initialization pat- 
tern signal, evaluation levels can be set in accordance 
with the transmission path, whereby accurate data re- 
ception can be carried out without being affected by the 
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pattern of data symbols to be transmitted or the values 
of the received signal levels. Moreover, since each data 
transmission apparatus can transmit the second initial- 
ization pattern signal to the next-staae data transmis- 
sion apparatus upon receipt of the beginning of the sec- 
ond initialization pattern, setting of evaluation levels and 
initialization of the ring-shaped network can be carried 
out more speedily. 

[0020] Further, according to the present invention 
(Claim 2), in the initialization method as defined in Claim 
1 , the first initialization pattern signal is a signal in which 
a maximum signal level and a minimum signal level ap- 
pear alternately; and the second initialization pattern 
signal is a signal in which all signal levels appear in a 
predetermined arrangement. Therefore, evaluation lev- 
els of data symbols can be set after synchronization is 
established by clock reproduction. Further, all of the sig- 
nal levels can be obtained without scrambling the sec- 
ond initialization pattern signal. 

[0021] Further, according to the present invention 
(Claim 3), in the initialization method as defined in Claim 
2, the first initialization pattern signal is a signal in which 
a signal for discriminating between the first initialization 
pattern signal and the second initialization pattern signal 
appears at the end. Therefore, the beginning of the sec- 
ond initialization pattern signal can be detected, where- 
by the second initialization pattern signal can be trans- 
mitted to the next-stage data transmission apparatus 
without waiting for reception of the whole second initial- 
ization pattern signal. 

[0022] Further, according to the present invention 
(Claim 4), in the initialization method as defined in Claim 
2, the second initialization pattern signal is a signal in 
which a signal for discriminating between the first initial- 
ization pattern signal and the second initialization pat- 
tern signal appears at the beginning. Therefore, the be- 
ginning of the second initialization pattern signal can be 
detected, whereby the second initialization pattern sig- 
nal can be transmitted to the next-stage data transmis- 
sion apparatus without waiting for reception of the whole 
second initialization pattern signal. 
[0023] Further, according to the present invention 
(Claim 5), there is provided a data transmission appa- 
ratus which is connected in a ring-shaped network and 
performs data transmission while assigning one or more 
bits of data as one data symbol to a signal level and the 
apparatus comprises: a first initialization pattern output 
unit for outputting a first initialization pattern signal for 
establishing clock synchronization to a data transmis- 
sion apparatus connected in the next stage; a second 
initialization pattern output unit for outputting a second 
initialization pattern signal for setting an evaluation level 
by which the signal level is subjected to threshold eval- 
uation, to the data transmission apparatus connected in 
the next stage; and a synchronization establishment un it 
for receiving the first initialization pattern signal trans- 
mitted from a data transmission apparatus connected in 
the previous stage : and performing clock reproduction 



to establish synchronization; wherein transmission/re- 
ception of data is started after synchronization is estab- 
lished on receipt of the first initialization pattern siqnal 

w.a.uau^,. .cvyis oi aaia are set on receipt of the 

5 second initialization pattern signal. Therefore, synchro- 
nization of the respective data transmission apparatus- 
es can be established, and evaluation levels of data 
symbols can be set. Further, since evaluation levels are 
set according to the voltage values of the respective sig- 
10 nal levels included in the second initialization pattern 
signal, evaluation levels can be set in accordance with 
the transmission path, whereby accurate data reception 
can be carried out without being affected by the pattern 
of data symbols to be transmitted or the values of the 
*5 received signal levels. 

[0024] Further, according to the present invention 
(Claim 6), the data transmission apparatus as defined 
in Claim 5 is a master data transmission apparatus in 
which the first initialization pattern output unit outputs 
20 the first initialization pattern signal at turn-on of power 
or immediately after reset, and the second initialization 
pattern output unit outputs the second initialization pat- 
tern signal when synchronization is establishes in all of 
the data transmission apparatuses. Therefore, the ring- 
25 shaped network can be initialized. 

[0025] Further, according to the present invention 
(Claim 7), the data transmission apparatus as defined 
in Claim 5 is a slave data transmission apparatus in 
which the first initialization pattern output unit outputs 
30 the first initialization pattern signal when synchroniza- 
tion is established, and the second initialization pattern 
output unit outputs the second initialization pattern sig- 
nal when the beginning of the second initialization pat- 
tern signal is received. Therefore, the ring-shaped net- 
35 work can be initialized. Further, since the data transmis- 
sion apparatus can transmit the second initialization pat- 
tern signal to the next-stage data transmission appara- 
tus upon receipt of the beginning of the second initiali- 
zation pattern signal, setting of evaluation levels and in- 
*o realization of the ring-shaped network can be carried out 
more speedily. 

BRIEF DESCRIPTION OF THE DRAWINGS 
45 [0026] 

Figure 1 is a block diagram illustrating the construc- 
tion of a data transmission apparatus according to 
a first embodiment of the present invention. 
Figure 2 is a block diagram illustrating the construc- 
tion of a ring-shaped network in which the data 
transmission apparatus according to the first em- 
bodiment of the invention is connected. 
Figure 3 is a diagram for explaining a method for 
converting data symbols into signal levels accord- 
ing to the first embodiment of the invention. 
Figure 4 is a diagram illustrating an example of a 
waveform on a transmission path according to the 
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first embodiment of the invention. 
Figure 5 is a diagram illustrating a first initialization 
pattern signal according to the first embodiment of 
the invention. 

Figure 6 is a diagram illustrating an example of a 
signal to be used in initialization according to the 
first embodiment of the invention. 
Figure 7 is a flowchart for explaining the operation 
of the ring-shaped network according to the first em- 
bodiment of the invention. 

Figure 8 is a block diagram illustrating the construc- 
tion of a CAvT receiver as a conventional data 
transmission apparatus. 

BEST MODE TO EXECUTE THE INVENTION 

[0027] Hereinafter, an embodiment of the present in- 
vention will be described with reference to the drawings. 
However, the embodiment described hereinafter is 
merely an example, and the present invention is not re- 
stricted thereto. 

(Embodiment 1) 

[0028] An initialization method described in Claims 1 
to 4 of the present invention, and a data transmission 
apparatus described in Claims 5 to 7 will be described 
as a first embodiment with reference to the drawings. 
[0029] Figure 1 is a block diagram illustrating the con- 
struction of a data transmission apparatus according to 
the first embodiment. 

[0030] As shown in figure 1 , a data transmission ap- 
paratus 1 00 according to the first embodiment is provid- 
ed with a transmission unit for outputting data, a recep- 
tion unit 120 for receiving the data outputted from the 
transmission unit 110, and a transmission path 130 for 
transmitting the data outputted from the transmission 
unit 110. 

[0031] The transmission unit 110 is provided with a 
data mapping unit 111 for mapping a digital signal to be 
transmitted to eight signal levels at every symbol timing; 
a first initialization pattern generator 112 for generating 
a first initialization pattern signal; a second initialization 
pattern generator 113 for generating a second initializa- 
tion pattern signal; a selector 114 for selecting a signal 
to be transmitted from among the signal levels to which 
the digital signal is mapped, the first initialization pattern 
signal, and the second initialization pattern signal; a dig- 
ital filter 115 which allows a band of frequency compo- 
nents corresponding to half of the symbol rate to pass; 
a D/A converter 116 for converting digital data into an 
analog signal; a low-pass filter 1 1 7 for removing noises 
outside the signal band of the signal to be transmitted; 
and a driver 118 for amplifying the signal intensity, and 
outputting the signal to the transmission path 130. 
[0032] On the other hand, the reception unit 120 is 
provided with a receiver 121 for receiving the signal; a 
low-pass filter 122 for removing noises outside the sig- 



nal band; an A/D converter 123 for converting the signal 
into digital signal; a digital filter 124 which allows a band 
of frequency components corresponding to half of the 
symbol rate to pass; a clock reproduction unit 126 for 
5 establishing synchronization; an evaluation level hold- 
ing unit 127 for setting evaluation levels corresponding 
to the respective signal levels, and holding them; an 
evaluation unit 125 for performing threshold evaluation 
on the respective signal levels on the basis of the signal 
10 level evaluation values which are stored in the evalua- 
tion level holding unit 127, and decoding the data sym- 
bols; a synchronization/initialization pattern detector 
128 for detecting establishment of synchronization, and 
the beginning of the second initialization pattern signal; 
15 and a transmission data controller 129 for outputting a 
transmission data control signal which instructs trans- 
mission of a signal selected from among the signal out- 
putted from the data mapping unit 111 , the first initiali- 
zation pattern signal, and the second initialization pat- 
tern signal. 

[0033] Further, a coaxial cable or a twisted-pair cable 
is used as the transmission path 130. When the trans- 
mission path 130 is a twisted-pair cable, a differential 
output driver should be used as the driver 118. 
[0034] Figure 2 is a block diagram illustrating the con- 
struction of a ring-shaped network according to the first 
embodiment. 

[0035] As shown in figure 2, the ring-shaped network 
according to the first embodiment is provided with n 
stages of data transmission apparatuses 1 00, and these 
data transmission apparatuses are connected in a ring 
shape such that a signal outputted from a transmission 
unit 110 of a previous-stage data transmission appara- 
tus 100 is received by a reception unit 120 of a next- 
stage data transmission apparatus 100, and a signal 
outputted from a transmission unit 110 of a final-stage 
data transmission apparatus 1 00 is received by a recep- 
tion unit 120 of an initial-stage data transmission appa- 
ratus 100. 

[0036] All of the data transmission apparatuses are 
identical in construction to the data transmission appa- 
ratus 100. That is, a first data transmission apparatus 
100a has a transmission unit 110a, a reception unit 
120a, and a transmission path 130a. The transmission 
unit 110a includes a data mapping unit 111a, a first ini- 
tialization pattern generator 112a, a second initialization 
pattern generator 113a, a selector 114a, a digital filter 
115a, a D/A converter 116a, a low-pass filter 117a, and 
a driver 118a. The reception unit 120a has a receiver 
121a, a low-pass filter 122a, an A/D converter 123a, a 
digital filter 124a, an evaluation unit 125a, a clock repro- 
duction unit 126a, an evaluation level holding unit 127a, 
a synchronization/initialization pattern detector 128a, 
and a transmission data controller 129a. 
[0037] Likewise, a second data transmission appara- 
tus 100b has a transmission unit 110b, a reception unit 
120b, and a transmission path 130b. The transmission 
unit 110b includes a data mapping unit 111b, a first ini- 
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tialization pattern generator 1 12b, a second initialization 
pattern generator 113b, a selector 114b, a digital filter 
1 1 5b, a D/A converter 1 1 6b, a low-pass filter 1 1 7b, and 
a driver 11 8b. The reception unit 120h has a receiver 
121b, a low-pass filter 122b, an A/D converter 123b a 
digital filter 124b, an evaluation unit 125b, a clock repro- 
duction unit 126b, an evaluation level holding unit 127b 
a synchronization/ initialization pattern detector 128b, 
and a transmission data controller 129b. 
[0038] Further, a final-stage data transmission appa- 
ratus 1 0On has a transmission unit 1 1 0n, a reception unit 
120n, and a transmission path 130n. The transmission 
unit 11 On includes a data mapping unit 11 1n, a first ini- 
tialization pattern generator 1 1 2n, a second initialization 
pattern generator 113n, a selector 1l4n, a digital filter 
115n, a D/A converter 11 6n, a low-pass filter 1 1 7n, and 
a driver 118n. The reception unit 120n has a receiver 
121 n, a low-pass filter 122n, an A/D converter 123n a 
digital filter 124n, an evaluation unit 125n, aclock repro- 
duction unit 126n, an evaluation level holding unit 127n 
a synchronization/initialization pattern detector 128n, 
and a transmission data controller 1 29n. 
[0039] The transmission unit 110a of the first data 
transmission apparatus 100a and the reception unit 
120b of the second data transmission apparatus 100b 
are connected with the transmission path 130a the 
transmission unit 1 1 0b of the second data transmission 
apparatus 100b and the reception unit 120c of the third 
data transmission apparatus 100c are connected with 
the transmission path 130b, and the transmission unit 
11 On of the final-stage data transmission apparatus 
100n and the reception unit 120a of the first data trans- 
mission apparatus 100a are connected with the trans- 
rn.ss.on path 130n, thereby constituting the ring-shaped 
network. r 

[0040] The first data transmission apparatus 1 00a is 
a master which outputs data at turn-on of power or im- 
mediately after reset, and the second to n-th data trans- 
mission apparatuses 100b to 100n are slaves which are 
operated according to the data outputted from the mas- 
ter. 

[0041] The transmission data controller 129a of the 
first data transmission apparatus is supplied with a sig- 
nal indicating that this apparatus 100a is a master, and 
each of the transmission data controllers 129b to 1 29n 
of the second to n-th data transmission apparatuses 
1 00b to 1 0On is supplied with a signal indicating that this 
apparatus is a slave. 

[0042] Based on the signal indicating that the appa- 
ratus is a master, the transmission data controller 129a 
outputs a transmission data control signal instructing 
transmission of the second initialization pattern signal 
when synchronization of the reception unit 120a is es- 
tablished. Further, on receipt of the beginning of the sig- 
nal for recognizing the start of the second initialization 
pattern signal, the transmission data controller 129a 
outputs a transmission data control signal instructing 
transmission of the signal that is mapped in the data 



mapping unit 111a. 

[0043] On the other hand, based on the signal indicat- 
ing that the apparatus is a slave, each of the transmis- 
sion data controllers 129b to 129n outputs a transmis- 
sion data control signal indicating transmission of the 
first initialization pattern signal when synchronization of 
each of the reception units 120b to 120n is established 
Further, on receipt of the beginning of the signal for rec- 
ognizing the start of the second initialization pattern sig- 
"> nal, the transmission data control unit outputs a trans- 
mission data control signal instructing transmission of 
the second initialization pattern signal. 
[0044] Next, the operation of the data transmission 
apparatus 1 00 will be described. 
'* [0045] As shown in figure 3, the data mapping unit 111 
maps eight kinds of 3-bit data symbols to eight signal 
levels. Figure 3 is a conversion table illustrating conver- 
sion from data symbols to signal levels (mapping val- 
ues), in which 3-bit data symbols are mapped to any of 
20 eight signal levels, "-7", "-5", "-3", *-r, » + 1" "+3" "+5" 
and "+7". ' 

[0046] Hereinafter, the data transmission apparatus 
100 performing such 8-value transmission will be de- 
scribed. 

2s [0047] Next, the operation of the data transmission 
apparatus 100 so constructed will be described. 
[0048] Initially, ordinary data transmission will be de- 
senbed. In ordinary data transmission, every three bits 
of digital data being transmitted in the transmission unit 
30 110 are mapped to one of eight signal levels according 
to the conversion table shown in figure 3, at every sym- 
bol timing. Since the selector 114 is supplied with the 
transmission data control signal instructing transmis- 
sion of the signal from the data mapping unit 111 the 
35 selector 1 1 4 selects the signal that is mapped in the data 
mapping unit 111 , and inputs this signal to the digital fil- 
ter 115. The digital filter 115 is a low-pass filter that al- 
lows a band of frequency components corresponding to 
half of the symbol rate to pass, and actually it is consti- 
tuted so as to have appropriate roll-off characteristics in 
combination with the digital filter 124 of the reception 
unit 120. The signal that has been passed through the 
digital filter 11 5 is converted into an analog signal by the 
D/A converter 116, and the analog signal is passed 
through the low-pass filter 11 7, whereby a signal within 
a band that is slightly larger than half of the symbol rate 
is obtained, and a signal having no interference between 
adjacent codes is obtained at readout timing. Thereby 
data transmission in the finite band can be carried out' 
Then, the driver 1 1 8 amplifies the signal intensity of this 
signal, and outputs the signal to the transmission path 

I oil, 

[0049] An example of a waveform on the transmission 
path is shown in figure 4. In the example of figure 4 the 
55 signal levels are transmitted in order of "+7", M +1 ■ 
M +1 tt , "-7", and data symbols "llU+zr "ioor+1 V 
"011(-i r> »100( + Ir, -OOO(-T)-, ... are transmitted. ' 
[0050] The signal so transmitted is received by the re- 
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ception unit 120. 

[0051] In the reception unit 120, the receiver 121 re- 
ceives the signal, and the low-pass filter 122 removes 
noises outside the signal band. Then, the A/D converter 
123 converts the signal into digital data, and the digital 5 
data is passed through the digital filter 124. The digital 
filter 124 has roll-off characteristics in combination with 
the digital filter 115 of the transmission unit 110, and it 
converts the digital data into a signal that can be re- 
ceived without being affected by interference between 10 
adjacent codes, at appropriate timing. Thereafter, the 
evaluation unit 125 decodes the data symbols on the 
basis of the signal level evaluation values which are 
stored in the evaluation level holding unit 1 27. The clock 
reproduction unit 126 reproduces a clock from the re- 15 
ceived data, and establishes synchronization when de- 
coding the data symbols. Ordinary data transmission is 
carried out as described above. 

[0052] Next, the initialization method by the data 
transmission apparatus 1 00 that operates as above will 20 
be described. 

[0053] Figure 5 is a diagram illustrating the first initial- 
ization pattern signal. Figure 6 is a diagram illustrating 
an example of a signal to be used for initialization. 
[0054] A signal to be used for initialization includes 25 
signal components as follows: afirst initialization pattern 
signal including a frequency component equal to 1/2 of 
the symbol rate, in which a maximum amplitude level 
and a minimum amplitude level appear alternately (por- 
tion A shown in figures 5 and 6); a signal for recognizing 30 
the start of a second initialization pattern signal, which 
has a maximum amplitude level (portion B shown in fig- 
ure 6); and a second initialization pattern signal in which 
all signal levels appear in an arrangement that is prede- 
termined by the transmission unit 1 1 0 and the reception 35 
unit 120 (portion C shown in figure 6). 
[0055] The first initialization pattern signal is generat- 
ed by the first initialization pattern generator 1 1 2. On the 
other hand, the signal for recognizing the start of the 
second initialization pattern signal, and the second ini- *o 
tialization pattern signal are generated by the second 
initialization pattern generator 113. Figure 6 shows an 
example in which a portion of a predetermined arrange- 
ment of signal levels in the second initialization pattern 
signal is "+5", "+1 H , "-5", "-1", "+3 M , M -3", "+5 M , M -7". This 45 
evaluation level setting pattern signal is desired to be a 
signal such as a PN pattern, in which all of the signal 
levels are evenly included, and various patterns appear. 
[0056] Further, the transmission data controller 129 
outputs, to the selector 114, a transmission data control so 
signal indicating transmission of any of the signal from 
the data mapping unit 111 , the first initialization pattern 
signal, and the second initialization pattern signal, on 
the basis of the output from the synchronization/initiali- 
zation pattern detector 128. Then, the selector selects 55 
a signal to be transmitted, on the basis of the transmis- 
sion data control signal. 

[0057] Next, the operation of the ring-shaped network 



so constituted will be described with reference to figure 
7. 

[0058] Figure 7 is a flowchart for explaining the oper- 
ation of the ring-shaped network. Here, a ring-shaped 
network comprising three stages of data transmission 
apparatuses 100a to 100c will be described. 
[0059] At tum-on of power or immediately after reset, 
the transmission unit 1 1 0a of the first data transmission 
apparatus 100a transmits the first initialization pattern 
signal. That is, the selector 114a selects the first initial- 
ization pattern signal generated by the first initialization 
pattern generator 112a, and inputs this signal to the dig- 
ital filter 115a. Then, the first initialization pattern signal 
is output to the transmission path 130a in like manner 
as the ordinary data transmission (step S201). 
[0060] The first initialization pattern signal so trans- 
mitted is received by the reception unit 120b of the sec- 
ond data transmission apparatus 1 00b. When the re- 
ception unit 1 20b receives the first initialization pattern 
signal, initially, the clock reproduction unit 126b per- 
forms clock reproduction. When the synchronization/in- 
itialization pattern detector 128b detects that synchroni- 
zation is established, a synchronization detection signal 
is output to the transmission data controller 1 29b. Then , 
the transmission data control unit 1 29b outputs a trans- 
mission data control signal instructing transmission of 
the first initialization pattern signal, to the selector 114b 
of the transmission unit 11 0b (step S202). 
[0061] When the transmission data control signal in- 
structing transmission of the first initialization pattern 
signal is input to the selector 114b, the transmission unit 
1 1 0b transmits the first initialization pattern signal. That 
is, the selector 1 1 4b selects the first initialization pattern 
signal generated by the first initialization pattern gener- 
ator 112b, and inputs this signal to the digital filter 115b. 
Then, the first initialization pattern signal is output to the 
transmission path 130b in like manner as the ordinary 
data transmission (step S203). 

[0062] The first initialization pattern signal so trans- 
mitted is received by the reception unit 120c of the third 
data transmission apparatus 1 00c. When the reception 
unit 120c receives the first initialization pattern signal, 
initially, the clock reproduction unit 126c performs clock 
reproduction, and the synchronization/initialization pat- 
tern detector 1 28c detects that synchronization is estab- 
lished. After establishment of synchronization, the 
transmission data control unit 129c outputs a transmis- 
sion data control signal instructing transmission of the 
first initialization pattern signal, to the selector 114c of 
the transmission unit 110c (step S204). 
[0063] When the transmission data control signal in- 
structing transmission of the first initialization pattern 
signal is input to the selector 1 14c, the transmission unit 
11 Oc transmits the first initialization pattern signal. That 
is, the selector 114c selects the first initialization pattern 
signal generated by the first initialization pattern gener- 
ator 1 1 2c, and inputs this signal to the digital filter 1 1 5c. 
Then, the first initialization pattern signal is output to the 
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transmission path 130c in like manner as the ordinary 
data transmission (step S205). 

[0064] The first initialization pattern signal so trans- 
mitted is received bv the receolinn unit I9fia r\f *Ks\ fir*** 
data transmission apparatus 100a. When the reception' 
unit 120a receives the first initialization pattern signal, 
initially, the clock reproduction unit 126a reproduces a 
clock, and then the synchronization/initialization pattern 
detector 128a detects that synchronization is estab- 
lished. Thereafter, the transmission data control unit 
129a outputs a transmission data control signal instruct- 
ing transmission of the second initialization pattern sig- 
nal, to the selector 114a of the transmission unit 110a 
(step S206). 

[0065] When the transmission data control signal in- 
structing transmission of the second initialization pattern 
signal is input to the selector 1 1 4a of the first data trans- 
mission apparatus 100a, the selector 114a selects, as 
a transmission signal, the second initialization pattern 
signal generated by the second initialization pattern 
generator 113a, and inputs this signal to the digital filter 
115a. Then, the second initialization pattern signal and 
the signal for recognizing the start of the second initial- 
ization pattern signal are output to the transmission path 
130a in like manner as for the first initialization pattern 
signal (step S207). 

[0066] Thereafter, output of data is continued until all 
of the signal levels of the second initialization pattern 
signal are output to the transmission path 130a (steo 
S208). K 

[0067] The second initialization pattern signal so 
transmitted is received by the reception unit 120b of the 
second data transmission apparatus 100b. When the 
synchronization/ initialization pattern detector 128b de- 
tects the beginning of the signal for recognizing the start 
of the second initialization pattern signal, the transmis- 
sion data controller 129b outputs a transmission data 
control signal instructing transmission of the second in- 
itialization pattern signal, to the selector 114b of the 
transmission unit 11 0b (step S209). 
[0068] When the reception unit 120b receives the sig- 
nal for recognizing the start of the second initialization 
pattern signal and, further, the second initialization pat- 
tern signal, the evaluation level holding unit 127b per- 
forms threshold evaluation for the signal levels to set 
evaluation levels to be used when decoding the signal 
levels to the data symbols. The evaluation level holding 
unit 127b detects the voltage values of the respective 
signal levels included in the second initialization pattern 
signal. That is, the voltage values of the respective sig- 
nal levels "+7", "+5", "+3", ,, +1", "-7", *s u f "-3", and "-1 M 
are obtained. Then, the evaluation level holding unit 
127b sets the evaluation levels for the respective signal 
levels on the basis of the obtained voltage values of the 
signal levels : and holds these evaluation levels (step 
S210). K 

[0069] When the transmission data control signal in- 
structing transmission of the second initialization pattern 



signal is input to the selector 114b, the transmission unit 
110b transmits the second initialization pattern signal. 
That is, the selector 114b selects the second initializa- 
tion pattern signal generated by the second initialization 
5 pattern generator 11 3b, and inputs this signal to the dig- 
ital filter 115b. Then, the signal for recognizing the start 
of the second initialization pattern signal and the second 
initialization pattern signal are output to the transmission 
path 130b in like manner as for the first initialization pat- 
1 ° tern signal (step S211). 

[0070] When the reception unit 1 20b has received ail 
of the signal levels of the second initialization pattern 
signal, and setting of the evaluation levels has been 
completed, the transmission data controller 129b out- 
's puts a transmission data control signal instructing trans- 
mission of the signal which is mapped in the data map- 
ping unit 111b, to the selector 114b of the transmission 
unit 110b (step S212). 

[0071 ] The transmission unit 1 1 0b continues to output 
20 data until all of the signal levels of the second initializa- 
tion pattern signal are output to the transmission path 
130b (step S2 13). 

[0072] When reception of the second initialization pat- 
tern signal and setting of the evaluation levels (step 
25 S21 2) and transmission of the second initialization pat- 
tern signal (step S213) have been completed, the sec- 
ond data transmission apparatus 100b is in the state 
where it can perform transmission/reception of data 
(stepS214). 

30 [0073] The second initialization pattern signal trans- 
mitted from the second data transmission apparatus 
1 00b is received by the reception unit 120c of the third 
data transmission apparatus 1O0c. When the synchro- 
nization/initialization pattern detector 128c detects the 
35 beginning of the signal for recognizing the start of the 
second initialization pattern signal, the transmission da- 
ta controller 129c outputs a transmission data control 
signal instructing transmission of the second initializa- 
tion pattern signal, to the selector 114c of the transmis- 
40 sion unit 110c (step S215). 

[0074] When the reception unit 1 20c receives the sig- 
nal for recognizing the start of the second initialization 
pattern signal and, further, the second initialization pat- 
tern signal, the evaluation level holding unit 127c sets 
45 the evaluation levels, and holds them (step S21 6). 
[0075] When the transmission data control signal in- 
structing transmission of the second initialization pattern 
signal is input to the selector 1 14c, the transmission unit 
110c transmits the second initialization pattern signal 
50 That is, the selector 114c selects the second initializa- 
tion pattern signal generated by the second initialization 
pattern signal, and inputs this signal to the digital filter 
115c. Then, the transmission unit 110c outputs the sig- 
nal for recognizing the start of the second initialization 
55 pattern signal, and the second initialization pattern sig- 
nal to the transmission path 1 30c in like manner as for 
the first initialization pattern signal (step S217). 
[0076] When the reception unit 120c receives all of 
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the signal levels of the second initialization pattern sig- 
nal, and setting of the evaluation levels is completed, 
the transmission data controller 129c outputs a trans- 
mission data control signal instructing transmission of 
the signal mapped in the data mapping unit 111c, to the 
selector 1 1 4c of the transmission unit 1 1 0c (step S21 8) . 
[0077] Further, the transmission unit 110c continues 
to output data until all of the signal levels of the second 
initialization pattern signal are output to the transmission 
path 130c (step S219). 

[0078] When reception of the second initialization pat- 
tern signal and setting of the evaluation levels (step 
S218) and transmission of the second initialization pat- 
tern signal (step S219) have been completed, the third 
data transmission apparatus 100c is in the state where 
it can perform transmission/reception of data (step 
S220). 

[0079] The second initialization pattern signal trans- 
mitted from the third data transmission apparatus 100c 
is received by the reception unit 120a of the first data 
transmission apparatus 100a (step S221). 
[0080] When the reception unit 1 20a receives the sig- 
nal for recognizing the start of the second initialization 
pattern signal and, further, the second initialization pat- 
tern signal, the evaluation level holding unit 127a sets 
the evaluation levels, and holds them (step S222). 
[0081] When all of the signal levels of the second in- 
itialization pattern signal have been received, and set- 
ting of the evaluation levels has been completed, the 
transmission data controller 129a outputs a transmis- 
sion data control signal instructing transmission of the 
signal that is mapped in the data mapping unit 111a, to 
the selector 114a of the transmission unit 110a (step 
S223). 

[0082] When transmission of the second initialization 
pattern signal (step S208) and reception of the second 
initialization pattern signal and setting of the evaluation 
levels (step S223) have been completed, the first data 
transmission apparatus 1 00a is in the state where it can 
perform transmission/reception of data (step S224). 
[0083] In this way, clock synchronization is estab- 
lished in all of the data transmission apparatuses 1 00a 
to 100c connected in the ring-shaped network, and the 
evaluation levels are set and stored. Thereafter, trans- 
mission data control signals instructing transmission of 
the signals mapped in the data mapping units 111a to 
111c are input to the selectors 1 1 4a to 1 1 4c of the trans- 
mission units 110a to 110c, whereby the selectors 114a 
to 114c select the signals from the data mapping units 
111a to 111c as transmission signals. That is, transmis- 
sion/reception of data is started, and the evaluation units 
1 25a to 1 25c evaluate the received data and decode the 
data symbols with reference to the evaluation levels 
stored in the evaluation level holding units 1 27a to 1 27c. 
[0084] As described above, the data transmission ap- 
paratus 100 according to the first embodiment is a data 
transmission apparatus connected in a ring-shaped net- 
work, and the apparatus 100 is provided with the first 



initialization pattern output unit 112 for outputting the 
first initialization pattern signal to the next-stage data 
transmission apparatus, the second initialization pattern 
generation unit 113 for outputting the second initializa- 

5 tion pattern signal to the next-stage data transmission 
apparatus, and the synchronization establishment unit 
126 for receiving the first initialization pattern signal out- 
putted from the previous-stage data transmission appa- 
ratus, and performing clock reproduction to establish 

10 synchronization. Since the data transmission apparatus 
1 00 starts transmission/reception of data after synchro- 
nization is established by the first initialization pattern 
signal and evaluation levels are set by the second ini- 
tialization pattern signal, evaluation levels can be set af- 

15 ter synchronization of the data transmission apparatus 
100 is established. Further, since evaluation levels are 
set according to the voltage values of the respective sig- 
nal levels included in the second initialization pattern 
signal, evaluation levels can be set in accordance with 

20 the transmission path, whereby accurate data reception 
can be carried out without being affected by the pattern 
of data symbols to be transmitted or the values of the 
received signal levels. 

[0085] Furthermore, one of the data transmission ap- 

25 paratuses 1 00 connected in the ring-shaped network is 
used as a master which outputs the first initialization pat- 
tern signal at turn-on of power or immediately after reset, 
and outputs the second initialization pattern signal by 
the second initialization pattern generator when syn- 

30 chronization is established in all of the data transmission 
apparatuses, while the other data transmission appara- 
tuses 100 are used as slaves which output the first ini- 
tialization pattern signal from the first initialization pat- 
tern generator when synchronization is established, and 

35 output the second initialization pattern signal from the 
second initialization pattern generator on receipt of the 
beginning of the second initialization pattern signal, 
whereby the ring-shaped network can be initialized. Fur- 
thermore, since the slave can transmit the second ini- 

*o tialization pattern signal to the next-stage data transmis- 
sion apparatus upon receipt of the beginning of the sec- 
ond initialization pattern signal, setting of the evaluation 
levels and initialization of the ring-shaped network can 
be carried out more speedily. 

45 [0086] Further, the first initialization pattern signal out- 
putted from the first data transmission apparatus 100a 
as a master is received by the second data transmission 
apparatus 1 00b as a slave to establish synchronization. 
When synchronization is established, the second data 

50 transmission apparatus 1 00b outputs the first initializa- 
tion pattern signal to the n-th data transmission appara- 
tus 1 0On in the next stage. When synchronization is es- 
tablished in ail of the data transmission apparatuses, the 
first data transmission apparatus 1 00a outputs the sec- 

55 ond initialization pattern signal to the second data trans- 
mission apparatus 1 00b, and the second data transmis- 
sion apparatus 1 00b receives the second initialization 
pattern signal to set evaluation levels, and outputs the 
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second initialization pattern signal to the n-th data trans- 
mission apparatus 1 0On in the next stage. When setting 
of evaluation levels is completed in all of the data trans- 
mission apparatuses, transmission/ reception 0 f n a ta is 
started. Therefore, synchronization in each data trans- 
mission apparatus can be established, and evaluation 
levels can be set. Further, since evaluation levels are 
set according to the voltage values of the respective sig- 
nal levels included in the second initialization pattern 
signal, evaluation levels can be set in accordance with 
the transmission path, whereby accurate data reception 
can be carried out without being affected by the pattern 
of data symbols to be transmitted, and the values of the 
received signal levels. 

[0087] Further, since the first initialization pattern sig- 
nal is a signal in which a maximum amplitude level and 
a minimum amplitude level appear alternately, clock 
synchronization can be established utilizing the ampli- 
tude of the first initialization pattern signal received. 
[0088] Furthermore, since the second initialization 
pattern signal is a signal in which all of the signal levels 
appear in an arrangement that is predetermined by the 
transmission unit 110 and the reception unit 120, all of 
the signal levels can be obtained without scrambling the 
second initialization pattern signal. 
[0089] In the above description, as shown in figure 3, 
3-bit data are mapped to any of eight signal levels M -7 M 
"-5", »-3'\ M», -+i " + 3'\ » + 5" : and - +r according to 
their combinations by the data mapping unit 111 of the 
data transmission apparatus 1 00. However, the present 
invention is not restricted to the above-described 8-val- 
ue transmission, and arbitrary multi-valued transmis- 
sion may be carried out. 

[0090] Furthermore, differential mapping in which 
mapping of data to be transmitted is earned out accord- 
ing to the signal level that is mapped last time, may be 
employed. In this case, evaluation of the signal level is 
carried out on the basis of the difference between the 
signal level that is just received by the reception unit 1 20 
and the signal level that is received last time, and the 
decoding is carried out. Also in this case, the same ef- 
fects as described above can be achieved by holding 
the evaluation levels based on the differences in the sig- 
nal levels with the evaluation level holding unit. 
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An initialization method to be used in a network in 
which plural stages of data transmission apparatus- 
es, each performing data transmission while as- 
signing one or more bits of data as one data symbol 
to a signal level, are connected in a ring shape 
wherein ' 

one of the data transmission apparatuses is a 
master data transmission apparatus, while the 
other data transmission apparatuses are slave 
data transmission apparatuses; 
at turn-on of power or immediately after reset, 
the master data transmission apparatus out- 
puts a first initialization pattern signal to a slave 
data transmission apparatus in the next stage; 
the next-stage slave data transmission appara- 
tus establishes clock synchronization on re- 
ceipt of the first initialization pattern signal; 
when clock synchronization is established, the 
next-stage slave data transmission apparatus 
outputs the first initialization pattern signal to a 
slave data transmission apparatus in the next 
stage; 

when synchronization is established in all of the 
slave data transmission apparatuses and the 
master data transmission apparatus which are 
connected in the network, the master data 
transmission apparatus outputs a second ini- 
tialization pattern signal to the next-stage slave 
data transmission apparatus; 
the next-stage slave data transmission appara- 
tus receives the second initialization pattern 
signal, sets an evaluation level for each signal 
level, and outputs the second initialization pat- 
tern to a data transmission apparatus in the 
next stage; and 

transmission/reception of data is started after 
evaluation levels of data are set in all of the 
slave data transmission apparatuses and the 
master data transmission apparatus which are 
connected in the network. 



APPLICABILITY IN INDUSTRY 

[0091 ] The data transmission apparatus according to 
the present invention transmits an initialization pattern 
signal at turn-on of power or immediately after reset, and 
performs establishment of synchronization and setting 
of evaluation levels on receipt of the initialization pattern 
signal. Therefore, evaluation levels can be set in accord- 
ance with the transmission path, and establishment of 
synchronization and setting of evaluation levels can be 
carried out also in a ring-shaped network constituted by 
plural data transmission apparatuses. 



45 2. 



50 



55 



An initialization method as defined in Claim 1 
wherein 

the first initialization pattern signal is a signal in 
which a maximum signal level and a minimum 
signal level appear alternately; and 
the second initialization pattern signal is a sig- 
nal in which all signal levels appear in a prede- 
termined arrangement. 

An initialization method as defined in Claim 2 
wherein 

the first initialization pattern signal is a signal in 
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which a signal for discriminating between the ization pattern signal when the beginning of the sec- 

first initialization pattern signal and the second ond initialization pattern signal is received, 

initialization pattern signal appears at the end. 



4. An initialization method as defined in Claim 2, 5 
wherein 



the second initialization pattern signal is a sig- 
nal in which a signal for discriminating between 
the first initialization pattern signal and the sec- io 
ond initialization pattern signal appears at the 
beginning. 

5. A data transmission apparatus which is connected 
in a ring-shaped network, and performs data trans- 15 
mission while assigning one or more bits of data as 
one data symbol to a signal level, said apparatus 
comprising: 

a first initialization pattern output unit for out- 20 
putting a first initialization pattern signal for es- 
tablishing clock synchronization to a data trans- 
mission apparatus connected in the next stage; 
a second initialization pattern output unit for 
outputting a second initialization pattern signal 25 
for setting an evaluation level by which the sig- 
nal level is subjected to threshold evaluation, 
to the data transmission apparatus connected 
in the next stage; and 

a synchronization establishment unit for receiv- 30 
ing the first initialization pattern signal transmit- 
ted from a data transmission apparatus con- 
nected in the previous stage, and performing 
clock reproduction to establish synchroniza- 
tion; 35 

wherein transmission/reception of data is 
started after synchronization is established on re- 
ceipt of the first initialization pattern signal, and 
evaluation levels of data are set on receipt of the 40 
second initialization pattern signal. 



6. A data transmission apparatus as defined in Claim 
5 being a master data transmission apparatus in 
which the first initialization pattern output unit out- 45 
puts the first initialization pattern signal at turn-on 
of power or immediately after reset, and the second 
initialization pattern output unit outputs the second 
initialization pattern signal when synchronization is 
established in all of the data transmission appara- so 
tuses. 



7. A data transmission apparatus as defined in Claim 
5 being a slave data transmission apparatus in 
which the first initialization pattern output unit out- 55 
puts the first initialization pattern signal when syn- 
chronization is established, and the second initiali- 
zation pattern output unit outputs the second initial- 
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